The reduction of by-catch mortality is an objective of the ecosystem approach to fisheries and a request made by consumers. Elasmobranchs, an important component of the French tropical tuna purse seine fishery by-catch, are currently thrown back into the sea. Fishers interact with various types of elasmobranchs that range widely in size, weight and shape, and could pose various degrees of danger to the crew. A diversity of discarding practices within the fleet were reported, some practices were considered suitable, others needed to be adapted and improved and others simply had to be banned. The majority of the crews were likely to improve their handling practices if they were presented with practical suggestions that were quick and easy. Combining scientific observations and empirical knowledge from skippers and crew, a manual, providing appropriate handling practices to ensure crew safety and increase the odds of survival for released animals has been developed and disseminated. Bringing these good practices onto the decks of fishing vessels should contribute to the reduction of the fishing mortality of some vulnerable species. It would be positively viewed by consumers as an act that reduces fishing's footprint on the environment and promoting animal welfare which would improve the image of fishing industry. Mitigation research is by definition an iterative process and different complementary methods must be carried out at different levels of the fishing process to significantly reduce the mortality of the by-catch.
2 There has been a global effort by non-governmental organizations (NGO) to promote innovative mitigation measures [12] , and by international projects financed by the European Union [13, 14] but also by the stake-holders [15] , to investigate new mitigation techniques allowing the reduction of the impacts of tuna fisheries on elasmobranchs.
A variety of mitigation approaches have been proposed to reduce the mortality of elasmobranchs in the major tuna fisheries in general and in the purse seine fisheries in particular [16, 17] . These approaches fall into one of two categories: the modification of the gear or the modification of the fishing strategy. Modification of the gear involves: FADs design and structure [18] , installation of an escape panel for sharks in purse seine gear [19] and the deployment of bait station to lure and to attract sharks away from FADs [16] , whereas modification of fishing strategy involves: avoidance of "hotspots", restricting setting on FADs and other aggregating objects [20] [21] [22] or intentional setting on whale sharks/manta rays and marine mammals [23, 24] . An update of the latest knowledge on by-catch reduction methods has been made available by the Western and Central Pacific Fisheries Commission (WCPFC) (http://bmis.wcpfc.int/index.php, accessed July 2013). Finally, the concept of eco-labelling of seafood, of particular interest to consumers, has lead the fishing industry to consider this issue more carefully [25, 26] . Therefore, an increasing number of fisheries are applying for a fishery sustainability certification (e.g., SeaChoice and Marine Stewardship Council). The reduction in by-catch levels and implementation of mitigation strategies can be required for the certification conditions [27] .
Tuna fisheries are facing increased pressure to decrease the amount of by-catch. The European Tropical tuna purse seiners during their commercial fishing operations often catch incidentally "unwanted fish" (e.g. undersized target fish and unmarketable species). The magnitude of the by-catch of these fleets has been recently estimated per species or group of species in Atlantic [28, 29] and in the Indian Ocean [30] . Though, the annual by-catch of the European tropical tuna purse-seine fishery in the Indian Ocean (mostly observed for FAD sets) over the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] was estimated at 11,590 t [95% confidence interval: (8, 818 t)], corresponding to 4.7% of the tuna landings [30] .
Among the species that are accidentally caught by purse seiners, sharks and rays are particularly vulnerable. The life traits of sharks and rays (slow growth rates, late maturation, long gestation, low fecundity and long lives) make them highly susceptible to overfishing, therefore efforts should be made to reduce their mortality [31, 32] . The silky shark (Carcharhinus falciformis) represented more than 65% of the overall shark group and reached an average value of 8.3% of the total by-catch biomass [30] .
The catch trends suggest that several sharks species have been declining in abundance in recent years [33] [34] [35] [36] . This is why many RFMO"s and biodiversity conventions have begun to adopt special conservation and management measures for several pelagic shark species and shark groups. RFMOs are requiring vessels to implement special measures to avoid the capture of certain species and to return by-catch alive to the sea. To date, as a little is known of the post-release behavior and potential mortality of elasmobranchs associated with the capture event and the release practices in most of the fisheries worldwide, the effects of this measure are not elucidated. Only one study has been conducted on-board commercial swordfish longline vessels to investigate the fate of blue shark (Prionace glauca) using pop up archival tags while two studies conducted on-board research vessels has documented the post -release survival on the same species using either only Pop up archival tags [37] or the same kind of tags combined with hematological profiling [38] . By applying a risk-based method to semi-quantitatively determine delayed and total post-release survival of three pelagic sharks caught by sharks gillnet [39] . Satellite archival tags were also used to estimate the post-survival of the common thresher shark (Alopias vulpinus) caught in the Californian recreational fishery [40] . The physical and physiological effects of capture stress and post-release survivorship were examined in juvenile sand tigers (Carcharias taurus) angled on conventional rod and reel tackle with offset circle hooks [41] using acoustic tags and haematological profiling. The preliminary results of a study designed to estimate the post-release survival of silky sharks caught incidentally on-board French tropical purse seiners showed that 50% of the released sharks survived [42] .Tropical purse-seine tuna fisheries employ thousands of people and provide a cheap source of proteins. Potential losses of sales 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   3 and market shares are strong incentives. Some shark species are now among the list of charismatic marine animals scrutinized by the public and the environmentalists, and fishers have to adapt their practices if they want to carry on their activities without any complaints from the public. Fishers are businessmen but are also interested in participating in cooperative/collaborative research aimed at improving the sustainability of the fishery [43] . The by-catch issue is well-known to stakeholders and the fishing industry which accept that the problem needed to be addressed.
The research objectives of this study were to identify, for the European purse-seiners fleets, new methods/technologies/strategies and devices to facilitate the release of the elasmobranchs caught incidentally and to reduce the post-release mortality rates. Currently, on-board French vessel, elasmobranchs are thrown back into the sea. This strategy can be an efficient conservation tool as the post-release survival rate is relatively high. The promotion of "good practices" for fishers to handle sharks was in this case justified.
It has been shown that cooperative/collaborative research between fishermen and scientists is important to fisheries management [43] [44] [45] . The involvement and the participation of the resource users are also crucial to develop efficient and practical mitigation techniques. Partnerships with commercial fishermen were developed to enable them to participate in this study and to integrate their information, experience and expertise. The first phase of the study was, to describe and document (a) the structure of the vessels (equipment), (b) the fishing strategy and fishing procedures, (c) the conditions faced by sharks and rays at the different phases of the fishing process, (d) the current handling practices. The fishing industry, managed to host scientists on-board during regular commercial purse-seiner cruises in the Atlantic and Indian Oceans. The skippers and crew members allowed scientists to visit the vessels and agreed to reply to the survey and to participate in interviews while in port. The survey and interviews document the perceptions of fishers. A diversity of discarding practices within the fleet was reported, some practices were considered suitable, others needed to be adapted and improved, while others had to be banned, finally. New methods needed to be developed and tested. In light of these observations, it appeared that providing appropriate handling practices to the crew could ensure crew safety and increase the odds of survival for discarded sharks and rays.
The second phase of the study focused on the preparation of a good practices manual to raise increase the fishers" awareness of the preservation and conservation of biodiversity, to increase their knowledge on the biology of sharks and rays, and to encourage their participation in the sustainable management of the marine resources.
Here, the process used to reach this goal is presented and the major solutions proposed in the manual are described. Other by-catch mitigation opportunities to be tested are also proposed.
Material and methods

Trips at sea on-board commercial vessels
The study was conducted in 2010 and in 2011 on-board commercial French vessels operating in the Atlantic and Indian Oceans during three trips and 71 days of observations.
In the Atlantic Ocean, observations were conducted on-board two French commercial purse-seiners operating off the West African coast (1°15" S-2°57" S and 4°25 W-12°33 W) during a cruise of 21 days (14 February to 6 March 2010) where 87 tons of tunas were caught in 8 sets but no sharks were observed during this period. Observations in the Indian Ocean were conducted on-board two commercial French purse-seiners operating Western area of the Indian Ocean. In order to analyse the procedures of the typical fishing operation, variables were routinely recorded on a "shot-by-shot" basis by the scientists including: date, sea surface temperature, fishing type (freeschool, FAD, log), set location, shooting time of the net, boat speed, maximum depth reached by the net, end of the setting, beginning and end of the "pursing", beginning and end of the net hauling, beginning and end of the preparation of the bunt, beginning and end of each brailing and total number of brailing and the total amount of tunas loaded. It appeared also crucial (1) to understand when and where the animals were first sighted and to document their behaviour during the capture process, (2) to know where and how the animals were brought on-board and to document how they were handled by the crew. The type and the severity of injuries were also carefully observed.
Documentation
Observations at sea by authors were complemented by investigating observers" pictures database to document a wider range of handling methods and to better identify the potential risks encountered by the elasmobranchs along the different phases of the fishing operation.
Interviews and visits to the vessels
To cover a large number of vessels within the fleet, interviews were conducted at port while purseseiners were landing. The objectives of the interviews were: (1) to track different crews perceptions about the by-catch issue and its magnitude and trends since their activity started; (2) to document the existing mitigation developed on-board (3) to obtain feedback from the crew on proposed by-catch mitigation approaches and on mitigation tools; and (4) to identify other mitigation opportunities. Finally, the visit to the vessels allowed scientists to collect technical information on the equipment on each vessel (brailer, conveyor belt, "waste chute",…).
Configuration of gear and vessel
Visits on-board vessels revealed basic information about the structure of the fleet. The vessels were of different types, sizes and age. Although the fishing techniques were almost identical within the French fleet, notable equipment and workspace on the deck differences among the vessels were found.
Equipment:
Brailer (Scoopnet) and hooper:
The shape of the hooper is not standard: it can be circular, semi-circular or square. The shape is an important parameter when considering the limited space on a vessel because crews"access to the center of the hopper to sort out unwanted species can sometimes be difficult. The capacity of the brailer is not standard either and varies based on the size of the fish caught. The brailer capacity ranges from 3 to 5 tons for the large tuna and from 5 to 7.5 tons for the small tunas. Tunas are dropped from the brailer directly into the hooper and gradually fall by gravity to the lower deck.
Conveyor belt and Waste chute
All the vessels visited were equipped in the lower deck with a "conveyor belt" designed to collect and to distribute tunas to the different fish-wells and a "waste chute" to release by-catch to the sea through a hole in the hull. These devices were not standardized; their shape and location varied. Often these devices were either misused or neglected. The conveyor belt is an obstacle to cross for the crew when they want to release sharks that fell on the floor in the middle or at the opposite side of the vessel or when they want to release them from the upper deck. 
Configuration of the deck:
The general configuration of the deck offers inadequate working space and may reduce access to the fish on one side of the hooper. The location of the crane, used to lift the speed-boat and other goods reduces their effective working radius on the deck. Access to the side rail and door enabling the release of the sharks is also impossible during the fishing operation.
Fishing practices
Fishing process
The fishing operation procedure, already described [46] [47] [48] , is the same regardless of the structure of each vessel and consists of six routine steps. During the first phase, setting, the vessel encircles the school or the FADs within 4 to 8 minutes. When the school of tuna is inside, the bottom of the net is "pursed" which is the second phase and takes roughly thirty minutes. The third phase net hauling, starts when the net is pulled aboard the purse-seiner with the hydraulic power block. The duration of this phase lasts from 55 to 95 minutes. On the fourth phase, preparation of the bunt, the net is hauled to dry up the catch to make them accessible to the brailer. This phase lasts around 15 minutes. The fifth phase, brailing, consists of the harvesting operation. The duration of this phase depends on the total amount of fish caught but the elapsed time to harvest the fish from the bunt to the deck using the "brailer" is less than 2 minutes. During the following stage, sorting, the sorted tunas go toward the fish-wells. On-board the French vessels, the crew starts sorting the larger by-catch from the hopper in the upper deck and after a short latency period, the fish fall by gravity through the hopper and its funnel to the lower deck where the rest of the by-catch is also put aside. The final phase consists of preparing the fishing gear and the deck to be ready for the next fishing operation (Fig. 1 ). Figure 1 
Various types of elasmobranchs
During the fishing process, fishers interact with various types of elasmobranchs that range in size, weight and shape, and pose various degrees of danger to the crew (Table 1) . In many cases, by-catch of large elasmobranchs are not easily avoided. The complexity of the handling process increases with the size of the fish. Crew safety is an issue as crewmembers can suffer injuries from either being struck or bitten by large fish and sharks or being stung by stingrays.
Good handling and release practices manual for elasmobranchs by-caught in tropical tuna
purse-seine fisheries On-board tropical tuna purse-seiners, "unwanted fish" are sorted and discarded at sea while tunas and other valuable fish are kept on-board. Observations reveal that action is limited to two distinct phases: the brailing and the sorting phases. Removal and release of shark or a ray should occur the moment the animal is removed from the water. However, the release strategy should be planned in advance as actions needed to be taken collectively on-board. It is crucial that each crew member understands their role in the operation. Finally, the "tools" used for releasing must be ready and easily accessible. Handling animals safely begins with knowing the animal"s biology and typical behaviour. Some biological traits of sharks and rays make them vulnerable to handling when they are out of water. For example, sharks and rays are very fragile because their internal organs are not protected by a rigid 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   6 skeleton, but held loosely in place by connective tissues. Therefore, more than any other fish, they suffer damage to internal organs when removed from the water because water supports their organs. Out of the water, the connective tissues can easily tear and their organs can be easily crushed because of the weight of the muscular mass on the abdominal organs. Injuries to the spinal cord, ligaments, tendons and internal organs are likely to occur if the animals are lifted by their head or tail. Pressure on the spine can inflict irreversible damage.
Under water, sharks and rays can suffocate if they are restrained because their blood circulation is reduced when they are not moving. Sharks"gills are easily damaged out of the water. Damaged gills prevent breathing properly and may result in a slow death by suffocation. Sensory organs are situated in the snout of the shark: the nostrils (olfaction), the Lorenzini ampullae (electroreceptors), the anterior branches of the lateral line system (detection of movements and vibrations in the surrounding waters) and sensory crypts (chemoreceptors). Shark snouts are very sensitive and fragile. This means that damage to shark snouts can seriously handicap shark by reducing its ability to detect prey. Once caught, fish are first landed on the upper deck from the bunt with the brailer and then sent to the lower deck via the hopper. "Unwanted fish" are manually sorted at both locations. When scientists were onboard, the crew did not treat fish (tuna and "unwanted fish") differently than usual; some rough treatments, inflicting serious damage, were observed.
In the manual "Good practices to reduce the mortality of sharks and rays caught incidentally by tropical tuna purse seiners1" [49] , scenarios and handling protocols are presented on a case-by-case basis. The goal of this manual is to recommend the continuation of safe by-catch handling methods, to propose adaptations of other methods and to present new methods to ensure the safe handling of bycatch. The manual provides "Dos" and "Don'ts" to demonstrate good practices for each by-catch category. It was also decided to caution against some of them which were considered dangerous for the crew and/or detrimental for the animals and to propose some guidelines and applicable to the whole fleet.
Handling techniques can be implemented by one person. Small sharks are best handled using both hands: (1) one holding the dorsal fin and the other hand holding the body, or (2) both hands sustaining the body or (3) one hand supporting the pectoral fin and the other hand supporting the tail. If the boat is equipped with a waste chute in the lower deck, ensure that the water pressure is strong enough to evacuate through the drain pipe. If the animal is too big for the waste chute or if there is no waste chute on-board, release the animal back to the water as soon as possible using handling technique described above. Some attitudes and actions must be avoided:
1. Under no circumstances should a shark be lifted by its tail or head alone, 2. Sharks should not be exposed to physical trauma (do not throw it, whatever the distance; do not push it too harshly; and avoid squeezing around the belly, as this can damage the internal organs, etc.), 3. Sharks should not be carried or dragged by inserting your hands in its gill slits, 4. Sharks should not be exposed to the sun.
MEDIUM PELAGIC SHARKS
Medium sized sharks should be handled by two persons: one person to hold the tail while the other person holds the dorsal and pectoral fins, while keeping their body well away from the shark"s head. If the release to the water must be delayed, prevent the animal from battering itself on the deck and other hard objects by placing the animal in the shade and watering it regularly. A hose should be placed between the jaws with a moderate flow of water. The shark can be calmed by placing a smooth, wet and dark cloth over its eyes. Biting can be prevented, allowing for safe handling by placing a dead fish (skipjack) or a big stick between its jaws. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   7 Do not insert a gaff or other pointed objects in the body, jaws or gills to carry or drag the animals, do not expose animals to physical trauma (do not throw it, whatever the distance; do not push it too harshly; and avoid squeezing fish around its belly, as this can damage internal organs, etc.).
SMALL AND MEDIUM RAYS
Small manta ray should be handled by 2 or 3 people and carried by the side of its wings. A ray should not be dragged or carried by its "cephalic lobes". Stingrays should be held away from one"s body to avoid lashes of the tail and the contact with the stings.
LARGE INDIVIDUALS
Very large fish, such as large sharks, mantas or moonfish, should be released directly from the brailer. Alternatively, they can be returned to the sea using a piece of net or a canvas sling that is lifted by the crane. Knowing that any fishing operation may include catching large individuals, several tools should be prepared in advance. The crew should store a piece of net (or a canvas sling) to prepare the release of large animals. The use binding wire tightly around the animals' body or inserting wire into their skin in order to tow or lift them is not recommended.
WHALE SHARKS
Many experienced skippers have experience releasing whale sharks from the net and sack without harming them. In some cases, several individuals were caught at the same time, up to height (Captain Allier, Personal communication). This way, they developed non-lethal techniques. The first technique can be used when the whale shark is separated from the tunas and when its head pointed towards the rear of the boat. Either the shark tears the net by the force of its own weight and passes itself or, if the procedure presents no danger, a crewmember can cut a few meters of net in front of the shark"s mouth to release it. The second technique can be used when the head whale shark is pointed towards the bow of the boat. The crew in charge of the net hauling operation can maneuver the winch and the capstan to bring the whale shark close to the hull, then stand the animal on the net and to roll it outside the bunt. A rope placed under the animal and attached to the float line could help to roll the whale shark out of the net. Pulling up or towing sharks by the tail is not recommended because of the fragility of the caudal peduncle, the tail can break.
Discussion and conclusions
CONDITIONS FACED BY ELASMOBRANCHS
Fish that are caught and released, may die for several reasons, but the two primary causes are wounding and stress [50] [51] [52] [53] . Sharks and rays face harsh conditions during different phases of the fishing operation and catch processing due to: (1) physical contact with other fish in the bunt and with hard objects surrounding it; (2) the rough harvesting process (in the brail, falling onto the upper and lower decks, entanglement in the net's mesh); (3) removal from the water (lack of oxygen, exposure to the sun and organs crushed because of the weight of gravity) (Fig. 2) . Current fishing processes cause injuries with varying degrees of severity from light skin damages in the form of bruises and redness, to external wounds and bleeding or internal organs protruding mostly on the cloaca area. Lifting fish by the tail and mechanically dragging them on the deck and/or towing) induce trauma. Figure 2 
--------------------------------------------------------------------
ROLE OF CREW
Of the 21 French purse-seiners active during the 2011 fishing season, 10 vessels were visited. During the fishing operations, each crew member had a different perspective of by-catch levels due to the narrow speciality focus of their job. Therefore, depending on job duties and location on-board, each crew member had a different about by-catch levels on-board. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   8 The skipper"s focus of maintaining the vessel"s course, corresponding with other vessels and planning for the next set, means that his primary location is on the bridge. He occasionally spends time in the rear of the vessel to monitor the position of the skiff boat which adjust the direction of the vessel against the wind to facilitate the hauling of the bunt.
The crew that uploads fish from the bunt and that operates the brailer must work quickly to ensure that the fish remain clean enough to pass sensitive sanitary tests which ensure a high quality product. They must also work carefully to monitor the hauler and potential equipment failure. The crew must also pay attention to fish entanglement to prevent fish from falling on other crewmembers and to prevent a large animal from interfering with the speed of the loading operation.
The deckhands, crew located on the upper and in the lower decks, have a partial picture of the total quantity of sharks on-board because of their focus on the commercial species.
The mechanic-master, in charge of maintenance and mechanical problems, spends most of his time in the lower deck to monitor all that falls into the holds. Because of his position in the lower deck, he can precisely assess the number of sharks caught during each fishing operation.
CREW SAFETY ISSUES
Fishing is considered to the world"s most dangerous occupation. FAO has been working for 30 years on the implementation of the Code of Conduct for Responsible Fisheries with regard to safety at sea in the fisheries sector [54] . Nevertheless, the issue of safety in the fisheries sector with regard to the animal fished has not been raised. Shark and ray handling techniques should be consistently taught and used by everyone. In general, cautious and deliberate movements should be used. Because animal behaviour can be unpredictable, crews should remain on constant alert. Needless hurting animals can make them respond violently. Therefore, fishers should watch for warning signs of animal selfdefense. Some warning signs include a shark flashing its teeth, flopping its tail, battering around or just moving its head. If possible, fishers should avoid handling these animals until they are in a calmer state. If necessary, a shark can be calmed down by covering its eyes with a piece of dark, wet and smooth cloth. A dead fish or big stick can be placed between its jaws to prevent it from biting. Aggressive animals should be noticed to ensure that everyone uses extra caution around them. Practicing good ergonomics, such as keeping ones back straight, can prevent injury when an animal moves suddenly. Helmets, protective footwear and gloves also provide additional safety.
HOW TO RAISE FISHERS' AWARENESS
Discrepancies between captains" observations of the shark by-catch issue on-board and other crew were noticed. This is due to the fact that 73% of the sharks found were on the lower deck [42] and the part of the crew working on the upper deck, as well as the captain, cannot observe what is happening in the lower deck. This discrepancy explains why the crew considers by-catch to be a minor issue. They do not have an accurate picture of the magnitude of sharks incidentally caught. Moreover, the mean size of the sharks collected in the lower deck was significantly smaller. The small sharks are detected easily in the brailer or in the hopper, by the crew and arrive directly in the lower deck. Thus, the person in charge of the fish wells is best suited to make accurate observations. Even though large animals provide difficulty to the crew, they are not a favourite topic of discussion. The major area of concern during the Indian Ocean cruises remained the threat of Somali piracy in this ocean, the current tonnage, tonnages of the other vessels, and fish prices. Releasing sharks and rays at sea is currently a "mitigation measure" adopted on-board the French commercial tropical purse-seiners. Scientists went on-board to report on the effectiveness of this measure. The approach during this study was to observe the current practices, ban some and encourage good ones. There are different discarding practices for by-catch within the same fleet and between fleets. For example, while some crew discard small sharks right away, others discard when they have time, as there is no incentive from the upper deck to do so under current management policies. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   9 The majority of crews are likely to improve their handling practices only if they are presented with practical suggestions that are not time consuming or difficult to employ. Integrating fishers" knowledge provided relevant information which has been used to design a guide of good practices dedicated to fishers.
OTHER POTENTIAL SOLUTIONS
By-catch "manager"
This study has laid the groundwork for future by-catch mitigation research and the foundation for building collaborative relationships to help to solve post-mortality issue. The empowerment of staff could increase the efficacy of this approach. It requires that everyone's duties be clearly defined and that efforts be made to recognize, encourage and reward each crew member for carrying out the duties allocated to him. One deckhand could be designated "By-catch manager" and coordinate good bycatch practices on-board. This would significantly improve the crews" awareness of the by-catch issue.
Technical modifications of the deck
Some modifications of equipment on-board purse-seiners, done through collaboration between fishers, engineers and experts in fishing technology, could facilitate the implementation of some practices and improve the survival of released by-catch. At this stage, some principles and guidelines for further improvements were enumerated and pointed out.
-Waste chutes are useful when they are functional. Therefore, efforts to improve their design and efficiency will increase the rate of survival of the by-catch that passes through them. -Conveyor belts should be better located and better designed to allow for access to stairways to the upper deck. -Adjustments of the hopper (size, shape, trap door system) would greatly facilitate the sorting process on the upper deck. Large animals (sharks or rays) could be placed in the hopper with the brailer, isolated from the tunas, pushed out through the hopper trap door and guided back to the sea through a dedicated drain pipe. -Modification or arrangement of the ship's side rail (on the starboard side ) could facilitate the release of animals back to the sea -A "capture lasso", item crafted out of an unfinished circle (a U shape) of strings, generally used to catch dogs but modified in purpose not to hurt sharks. It would help to grab and carry large animals safely on a wet and slippery surface (piece of plastic canvas).
Prohibiting the setting in the vicinity of whale sharks
Due to the propensity of tunas to aggregate around large animals, whale sharks can be encircled intentionally or by accident. Whale sharks have a tendency to aggregate on a periodic or seasonal basis at specific sub-tropical and tropical locations around the world [55] . Consequently, more than one animal can be caught during a set, and the same individual, can be caught several times in the season (the rope attached around the tail to release the animal can be recognised easily by the crew). This species is listed in Appendix II of the CITES (Convention for International Trade in Endangered Species of Wild Fauna and Flora) and on Appendix 1 of the United Nations Convention on the Law of the Sea. The whale shark has been assessed as Vulnerable by IUCN (International Union for Conservation of Nature; www.iucnredlist.org.). Whale sharks are legally protected in many countries.
In the Pacific Ocean, 12% of interactions with whale sharks resulted in mortality and approximately 60 individuals died in 2009 [30] . A study using data derived from logbooks systematically filled by captains of the French and Spanish tuna purse seine fleets operating in the Indian and Atlantic Oceans showed that the impact of fishing on the mortality of whale sharks was seemingly lower, only 1% of the level in the Pacific Ocean [56] . Some RFMOs have discussed adopting measures to prevent their 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 use as FADs and to release accidental by-catch unharmed. During the Seventh Regular session of the Western and central Pacific Fisheries Commission (WCPFC) in December 2010, Australia proposed, at the technical and compliance committee, to prohibit the setting of purse seine nets around whale shark and to mitigate the impact of the inadvertent encirclement in developing the best practice guidelines to release whale sharks without injury [23, 24] . Some captains also admitted that they were reluctant to set on whale sharks considering the problems encountered in the release of these animals. They prefer minimizing nets damages and the time spent to sort out the trapped megafauna.
Combining different mitigation methods
Releasing by-catch alive in good condition is only a part of the solution. Other mitigation approaches must also be used because significant results will come from a combination of good practices. Not setting on small schools of tuna would considerably reduce by-catch by purse-seiners [20] . Nonentangling FADs would prevent "ghost fishing" [18, 57] . Several research efforts have revealed methods that would avoid encircling sharks [58] , or would allow the release of sharks through an escape panel in the net [19] . Preliminary results require further investigation.
FUTURE RESEARCH: TRAINING AND POST-IMPLEMENTATION MONITORING
The simple measures proposed in the guide, based on the findings presented here, require relatively minimal effort by fishermen but could impact substantially and positively the by-catch post-release survival. Like the shark finning awareness issue on-board European vessels forbidden since 1995 on French vessels (but this measure became however fully effective after 2002 when the crew was threatened with penalty in case of non-compliance of this decision), effort should be devoted to promote these practices and to consider the problem of the by-catch as important. It was already noticed that fishermen greatly appreciate seeing the efforts of scientists on-board their fishing vessels to improve the sustainability of their fishery. During the second trip on-board a commercial vessel, scientists discussed with the crew about the possibility of using the crane to lift and release large individuals, e.g. manta rays. One month later, an observer reported on the same vessel that this innovative proposal was already applied on-board to release a large manta ray. Industry would be generally supportive of these measures as they would be easy to implement with relatively little expense. Communication, education, post-implementation monitoring and long-standing collaboration are the key factors to success of this programme. Transferring the mitigation methods to the entire fleet by training the crew on the practices proposed in the guide, and monitoring the implementation of these practices on-board, are the main focus of the future action.
The discrepancies between the crew regarding their perception of by-catch demonstrate that crew members should be cross-trained because each person has a precise role on-board and could face different situations regarding by-catch. On each vessel, a coordinated teamwork identified in advance, could work routinely in accordance with the chain of procedures proposed in order to be more efficient, to work in safer conditions and to save time.
The handling manual has been distributed to skippers and posters derived from this document provide some information on methods to use and avoid are now displayed on-board vessels. In addition to showing good practices, training workshops has increased fishers" knowledge on the by-catch issue, improved their ability to remain alert and increased their acceptance of these guidelines.
Consistent with the proposed guidance, a "tool kit" has been prepared and will be made available to be tested on-board a number of volunteer vessels. The kits consists of soft rags to cover the eyes of vigorous sharks, two pieces of canvas sling, small (2x2 m) and medium (3x3 m), that can be used to lift large individuals by the crane, pairs of strong protection gloves and adapted capture lassos to handle safely large sharks. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 Furthermore, fishers" inputs at the workshops could result in defining other unexplored solutions. Such a method is actually already in place through the initiative of the International Seafood Sustainability Foundation (ISSF, http://iss-foundation.org/, accessed July 2013), which has been conducting workshops between scientists and fishers in all oceans since 2010. This ISSF framework allows for rapidly disseminating findings such as this guide to many fleets for faster implementation and faster exchanges of ideas between skippers and scientists from different fleets and oceans.
The ultimate goal would be an appropriation of the issue by the fishers. Fisher-exchange programs have introduced effective by catch mitigation techniques to other fleets [59] . Some captains report dedicated good practices used for discarding sharks. It appears very important (1) to integrate information, experience, and knowledge of veterans or skippers engaged in the fishery but also (2) to give them the opportunity to share their knowledge acquired in the field to the community. This can only be achieved through international collaboration between fishers, canning industry, management authorities; seafood retailer industry; experts in fishing technology, marine ecology and fisheries scientists and NGOs as conducted by the ISSF as well as the International Fishers Forum (http//www.fishersforum.net initiative, accessed January 2013). Similar research initiatives have been undertaken in the New Zealand tuna purse seine fishery. Skippers and crew are engaged to find effective practical solution to reduce the mortality of protected rays [60] . Reducing the impact of purse seine fishing on pelagic ecosystems is a priority today. Considering the cost of this research and the practices that differ between fleets, it is important to encourage national and international efforts. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   13 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65
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